teins regulate the reorganization of the actin cytoskeleton independently of activated phospholipase C." However, the single steps of this regulatory mechanism are poorly understood. In concert, intracellular Ca2+ transients and actin reorganization regulate cell responses such as the migration, the production of reactive oxygen species, and the upregulation of integrins."~'9~z"
Recently, a novel peptide was purified as the predominant eosinophil chemotaxin from bronchoalveolar lavage fluid of allergen-challenged guinea pigs?' Cloning and sequencing of its cDNA classified this novel peptide as a member of the CC-chemokine family.22 This family includes other chemotaxins such as monocyte chemotactic peptide-l, monocyte chemotactic peptide-2, monocyte chemotactic peptide-3, monocyte inflammatory peptide-la, monocyte inflammatory peptide-lp, and RANTES.22 Beside migration, Eotaxin induced intracellular Ca2+ transients and aggregation in polymerization on stimulation with Eotaxin. At optimal concentrations, the changes induced by Eotaxin were comparable with those obtained by C5a. PAF, and RANTES. Cell responses elicited by Eotaxin were inhibited by pertussis toxin, indicating coupling of its putative receptor t o heterotrimeric guanine nucleotide-binding proteins. These results indicate that Eotaxin is a strong activator of eosinophils with biological activity comparable with those of the eosinophil chemotaxins C5a, PAF, and RANTES. These findings point t o a role of Eotaxin in the pathogenesis of eosinophilic inflammation as a chemotaxin as well as an activator of proinflammatory effector functions. guinea-pig and human eosinophil^.^^.^^ The human and murine cDNA of this protein have been cloned, sequenced, and expressed as recombinant protein^.^^'^^ Binding studies with human ['251]-Eotaxin identified a high-affinity receptor distinct from the monocyte inflammatory peptide-la/RANTES receptor or the monocyte chemotactic peptide-l receptor in eosinophils?6 In contrast to other CC chemokines, Eotaxin acts exclusively on eosinophils and has no effect on neutrophils, monocytes, or
In the present study, the signal pathways and cell effector functions elicited by Eotaxin in human eosinophils were characterized and compared with the effect induced by other eosinophil activators.
MATERIALS AND METHODS

Materials.
Recombinant human C5a (C5a), a-phosphatidylcholine-8-acetyl-y-0-hexadecyl (PAF), phorbol 12-myristate 13-acetate, lysophosphatidylcholine, Ficoll-Paque, and lucigenin were obtained from Sigma (Deisenhofen, Germany); recombinant human Eotaxin was from Peprotech (London, UK); N-(7-nitrobenz-2-oxa- were purchased from Dianova (Hamburg, Germany); phycoerythrinconjugated CDllb (LEU 15) was from Becton Dickinson; and pertussis toxin was a kind gift from Dr K. Aktories (University of Freiburg, Germany). Isolation of eosinophils. Human eosinophil granulocytes were isolated from heparin-anticoagulated (10 U/mL) blood of healthy nonatopic volunteers by Ficoll separation and negative selection with anti-CD16 antibody-coated Dynabeads." In brief, human granulocytes (IO' cells) were incubated with 500 pL of 2 X 10' coated beads per milliliter for 1 hour at 4°C. Bead-coupled polymorphonuclear cells were removed by repeated magnetic separation steps; the resulting eosinophils were resuspended. Pappenheim stain judged the punty of isolated eosinophils to be 296%.
Actin polymerization. The filamentous actin content was analyzed by flow cytometry with NBD-phallacidin staining." Briefly, aliquots of cell suspension (5 X lo5 eosinophils/mL) were withdrawn at the indicated time intervals from a stirred and 37°C-temperated sample compartment. Equal volumes of cells (100 pL) were fixed in a 7.4% formaldehyde buffer and were mixed with the staining cocktail containing 7.4% formaldehyde, 0.33 pmoVL NBD-phallacidin, and l mg/mL lysophosphatidylcholine. The fluorescence intensity was measured.
Intracellular Caz+ measurements. Intracellular free Ca2+ was measured in Fura-2-labeled cells with an Aminco Bowman series 2 fluorospectrometer (SLM Instruments, Urbana, IL).29 Eosinophils (2 X 10' cells/mL) were incubated with 1 pmoVL Fura-2 for 15 minutes at 37°C in Caz+-and Mg2+-free buffer. Cells were washed twice and finally resuspended in a buffer containing 1.5 mmol/L CaClz and MgClz. The fluorescence traces after stimulation were followed fluorospectrometrically, and the ratio between 340 nm and 380 nm was calculated.
Lucigenin-dependent chemiluminescence. Eosinophils were resuspended to a density of 5 X lo4 cells/mL containing 200 pmol/L lucigenin. Measurements were performed in triplicate at 37'C." The reaction over a 60-minute time period after addition of stimuli to the cells was followed and expressed as intensity integral counts.
Superoxide anion production. The production of superoxide anions was measured as superoxide dismutase-inhibitable reduction of cytochrome C at 550 nm (Ultrospec 111; Pharmacia, Freiburg, Germany).'" CDIlb expression. The integrin CD1 Ib was analyzed by flow cytometry with phycoerythrin-conjugated anti-CD1 l b antibodies. Eosinophils were activated with the indicated stimuli for 30 minutes at 37°C. The reaction was stopped by diluting the sample with 100-fold ice-cold buffer. Samples were incubated on ice for 40 minutes with phycoerythrin-conjugated anti-CD1 l b antibodies."
RESULTS
Eotaxin and actin response.
The influence of Eotaxin on the actin network in eosinophils was analyzed by flow cytometry. This novel CC chemokine caused a rapid and transient polymerization of actin molecules (Fig l) . There was a transient increase of the f-actin content of about 50% within 30 seconds. Half-maximal and maximal effects were observed at 10 ng/mL and 1 0 0 ng/mL, respectively. The time for subsequent recovery to initial values depended on the added concentration of the stimulus.
Mobilization of intracellular Ca2+ by Eotaxin. Intracellular Ca2+ transients were followed in Fura-2-labeled eosinophils by fluorospectrometry. Eotaxin induced a rapid and concentration-dependent intracellular response (Fig 2) . To analyze whether Eotaxin stimulates mobilization of Ca2+ from intracellular stores or influx across the plasma membrane from extracellular medium, measurements were performed in the presence of added EGTA. Because this Ca" chelator had no effect on the magnitude or time course of induced Ca2+ transients, Eotaxin stimulated mobilization of Ca" from intracellular stores.
Eotaxin activated the respiratory burst and stimulated CD1 l b-upregulation. Next, the activation of the respiratory burst by Eotaxin was studied by lucigenin-dependent chemiluminescence. These experiments showed production of reactive oxygen species in a concentration-dependent manner; half-maximal and maximal effects were observed at 10 ng/mL and 100 ng/mL, respectively (Fig 3) . At optimal concentrations continuous measurements indicated a rapid induction of the response with maximum values after 5 minutes. Superoxide anion production was analyzed by cytochrome C reduction (data not shown). Optimal doses of Eotaxin generated about 15 nmol/L superoxide anion per lo6 eosinophils within 30 minutes. Similar amounts of superoxide anion were also found after longer stimulation periods (up to 60 minutes; data not shown).
The influence of Eotaxin on the expression of the integrin CDllb was measured by flow cytometry. Again, Eotaxin induced a concentration-dependent response. Half-maximal and maximal effects were observed at 10 n g / d and 100 n g / d , respectively (Fig 4) .
Comparison of the activation profiles of difSerent eosinophil stimuli. The activation profile of Eotaxin was compared with the responses provoked by other well-defined 1.47 (20.07) 2.15 (20.21) 385 (241) 41.20 (?2.56)  RANTES 1.52 (20.04) 2.07 (?0.14) 352 (253) 37.65 (20.86)   C5a   1.53 (20.06) 2.42 (20.09) 342 (~5 8 ) 38.89 (21.17)   PAF   1.47 (-t0.04) 2.29 (20.08) 454 (+49) 42.25 (22.16) Eosinophils were stimulated without or with 100 ng/mL Eotaxin, 100 nglmL RANTES, 100 nmol/L C5a, and 100 nmol/L PAF. The relative f-actin content and the ratio of the intracellular Ca2+ measurements were taken after 10 seconds. The chemiluminescence response is given as integral (counts x IO*) after 60 minutes. The mean channel number of CD1 1 b expression was analyzed after 30 minutes. Data are means 2 SEM (n = 3).
eosinophil activators such as C5a, PAF, and RANTES. Similar to Eotaxin, the other eosinophil activators induced intracellular Ca2+ transients, stimulated actin reorganization, triggered the respiratory burst, and stimulated expression of CD1 l b in a concentration-dependent manner (data not shown). At optimal concentrations, all tested activators induced similar responses (Table 1) .
Pertussis toxin inhibition of Eotaxin-induced cell response. Pertussis toxin blocks cell activation induced by Gi-protein-coupled receptors.'4 Pretreatment of eosinophils with pertussis toxin completely inhibited the Eotaxin-induced chemiluminescence response (Fig 5) , the transient increase of actin polymerization and Ca" mobilization (data not shown). To prove the metabolic activity of eosinophils after pertussis toxin treatment, the chemiluminescence response with phorbol 1Zmyristate 13-acetate was followed. Toxin treatment did not influence the phorbol-ester-triggered response (data not shown). Cell biology studies and cloning of the cDNA of the C5a-and PAF-receptors showed interaction of these chemotaxin receptors with G-pr~teins."~~~ Here, we have shown that all cell responses induced by Eotaxin were inhibited by pertussis toxin, which inactivates heterotrimeric G, -proteins by adenine diphosphate ribo~y1ation.l~ This finding suggests that the putative receptor belongs to the superfamily of serpentine receptors. The receptors for C5a, PAF, and RANTES are well-established members of this family.",37 In addition to migration, the chemotaxins C5a, PAF, and RANTES also induce proinflammatory activation such as production of reactive metabolites. The direct comparison of Eotaxin with these activators showed an identical stimulation pattern. Therefore, one can assume that Eotaxin, similarly to other chemotaxins, not only recruits eosinophils to the site of inflammation, but also possesses proinflammatory activity.
These results indicate that Eotaxin in eosinophils induces actin polymerization and intracellular CaZ+ mobilization via pertussis toxin-sensitive G-proteins. In addition, it is a strong activator of the respiratory burst as well as upregulation of CD1 lb. These findings implicate the role of Eotaxin in the pathogenesis of eosinophilic inflammation to be that of a chemotaxin as well as an activator of proinflammatory activities.
